O Dby 231946 —_—

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

WARTIME REPORT

ORIGINALLY ISSUED
October 1941 as
Advance Confidential Report

FLIGHT INVESTIGATION OF WING-GUN FAIRINGS
ON A FIGHTER TYPE ATRPLANE
By J. M. Nissen and M. D. White

Langley Memorial Aeronautical Laboratory
Langley Field, Va.

WASHINGTON

NACA WARTIME REPORTS are reprints of papersoriginally issued to provide rapid distribution of
advance research results to an authorized group requiring them for the war effort. They were pre-

nically edited. All have been reproduced without change in order to expedite general distribution.

viously held under a security status but are now unclassified. Some of these reports were not tech- ’

L - 247 . .




-

| 3 1176 01384 9687

L2l 7

-+~ . FLIGET INVESTIGATION OF WING-GUN FAIRINGS

ON A FIGETZR TYPR AIRPLANE
By J. M. Nlesen and ¥. D. White

SULMARY

Flight tests were conducted on a Navy fighter airplane
to determine methods for falring the wing-gun installation
so as to retain the maximum 1ift of the clean wing insofar
as posselble,

The unfaired-gun installatlion increased the stalling
speed over that of the clean wing by approximately 5 knots
with flaps down, power off and by approximately 3 knots
with flaps down, power on,

Two arrangements of falrings were developed that re-
stored tiie 1ift of the wing, One arrangement consisted
of engine cowl-type fairings for both projecting and subdb-
merged guns, This arrangement provided an ennular open-
ing between the gun barrel and the fairing 1lip for cool-
ing the guns, The flush arrangement consisted of the en-
g€ine cowl-type falrings for the projecting guns and falred
wing openings for the submerged guns. Successful overa-
tlion of thls latter type of falring, howsver, requlred
that no air be admitted around the submerged guns, All
arrangements of falrings as well as the unfalred gune 1im-
proved the stalling characterlstlcs of the alrplane as
compared with the clean-wing condition., It also appeared
that the gun-falring arrangements elimlnated the ground-
looping tendenclies of the airplane that were attriduted
to wing stalling. This was evidenced by a series of land-
ings made with tle wing guns falred ard the small tall
wheel installed 1n which no ground-looplng tendencles were
notéd.

On the basis of data from the full-scale wind tunmnel,
1t appears that no reduction in top speed need be antici-
pated with the four projJecting falrings ventlilated for
cooling as compared with the unfelred gun condition. TWith
the comdbination of projecting fairlngs and falred wing
openings with no ailr admitted, the top speed may actually
be increased 3 miles per hour as compared with the unfalred
gun condltion,




INTRODUCTION

At the request of the Bureatu of Aeronautics, flight
tests have been conducted on a fighter type airplane by
the NACA at Langley Field, The purpose of these tosts
was to determine tho modifications roquirod to corroct
cortain undosirablo claractoristics of the airplanoc, The
invostigation startol on April 15, 1941 was suspendod only
for .an.interval from liay 28 to Juno 16, during which check
tcets and nocessary structural changos werc made on tho
" ‘sirplane by tho I'avy at Anacostia and Forfolk,

The present report covers the flight tests of gun
falrings designed to corroct the detrimental effects of
"the vrojecting and submerged wing gune on the airplanse,
Theso cffoc“ s, a 5~inot increase in stalling svoed as
comparod with tho clean-wing cordltion, and a moro pro-
nouncod tencdoncy of the airplano to ground-loop in land-
ings, wore bolleved to bo duo to ocarly and unsymmotrical
wing stallling p-oducod by tho wing-contour irregularities
of the gun installatiorn, The veliief that wing stalling
Influenced the ground-locoping tondencies 1s based on
flight tests of other alrplanes that skowed that violent:
ground-looning tendencles wero ceused by unsymmotrical
wing stgalling in a three-point attliude,

THE AIRPLAKE AfD ISTRUAENT INSTALLATION

... The airplane on which the irnvestigation was carried
out 1s a Grumman F4F-3 slngle-place micdwing monoplane
fighter (fig. l1). Airplane jfo. 2538, vhich was delivered
to the NACA. for the toet, was a standard service model
axcoept for the following modificatioas, The tail whoel of
the tecst alrplane was cquipped with a pnoumatic tire that
ralsed the tall approximately 3 inches as comparsd with
the hard-rubber tall wneel weed cn servics rodelis, By
this subetitutlor the airplane grourcd argle was reduced
about 2°, This modification, wiich arrerently is not
sulted to deck operasion, was adeptsil furlng early tests
to preveat ground-looping until speczific irvestigation of
that problem was undertaken, Wheel braskes of greater
capacity than those in service models were algo substitut-
ed oh the test airplare to provide additional ground con-
trol,
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During the tests the alrplane center-of-gravity posi-
tion was malntained at approximately 28,5 .percent M.A.C,,
the locatlon at which 1t was gonerally flown in service,
The starting welght for each flight varlied from 64265 to
6735 pounds, the greatest part of the variation. (276
pounds) being due to the removal or replacement of the
four guns, This welght variation corresponds to a differ-
ence in stalling spood of approximatoly l.,6 knots; for
gimplicity in analysls all the stalling spoeds roportod
have been corrected to a gross weilght of 67256 pounds,

The instruments used in all the tests were a record-
ing air-epeed meter inatalled on the alrplane air-speed
line and a three-element control-position recorder record-
ing thoe movements of the elovator, ruddor, and allerons,
Tufts were installed on the upper surfaces of the wings
and 1n some cases in the lmmedlate vicinity of the gun
fairings to ald in the study of the behavior of tho ailr-
plane at the stall,

The locations of the two O,50-caliber machine guns
in each wing are 1llustrated in figure 2, Flgures 3
through 7 are photozraphs of the various types of gun failr-
ings tested, 1In figzure 3(a) are shown the gubmerged gun
in its unfaeired condition and the projectlng gun fitted
with the fairlng submitted by the Grumman Company. The
Grummen fairing resemples ar engine cowl 1in appearanco
excopt that the space botwoon tho gun dbarrel and the falr-
ing was sealed with rubber grommet, Figure 3(b) shows
the projecting gun in its unfalred corndition with the sub-
merged gun removed., The Grumman fairing which was the
only fairing used on the projecting guns was af firat
tested as submltted, In later tests the grommet was re-
moved and the edge of the opening was bent 1n so as to
provide an annular space about 1/8 inch in width around
the gun barrel for the entry of coollng air,

Several fairings for the submerged gun, deslignated
for brevity ¥o. 1, Wo. 2, Wo. 3, and '"faired opening,"
are 1llustrated, respectively, in figures 4%, 5, 6, and 7,
Fairing No. 1 18 a modifisd version of tkhe @Grumman felring,
being somewhat more oval 1n cross sectlon as compared with
the flat sides of the latter, ZFairings ¥os, 2 and 3, which
are shorter versions of the No. 1 falring, differ from each
other only in width, Ho., 3 belng the narrower., The faired
opening shown in figure 7 is falred into a tube that en-
clrcles the gun barrel for a distance bvack from the gun
muzzle of about 6 inches, and an annular space about 1/8




inch wide ie provided between this tube and the gun barrel
to permit the paesage of cooling alir, Similar annular
spaces are provided between bdlast tube and falring for the
other fairings,

TESTS, RESULTS, AND DISCUSSION

Stall Chnractseristics

The results of the stall tests with various arrange-
ments of gun falrings are presented in table I for the two
flignt conditions investigated., These flight corditions
were the landing conditlion, power oZf, flaps down, and
gear down, aund the carrler-approach condition 23,5 inches
of mercury manifold pressure and 2350 rpm, flaps down and
gear down, In these flignht conditions contlinuous records
wero obtainod of stalls approached gradually im a lateral-
1y lovel attitaie, tho pllot noting theo violoncec of tho )
gtall, tho rosponse of thno airplero to tho allcrons and to
powor application 1in tko stall, and tho tuft behavior in
tho stall approach,

The rosults tabulated in table I may be dbriefly sum-
marlzed as follows:

l., In the power-off, flap-~down fiight condition
eacL 8et of unfaired guns, projecting or submerged,
alone effected a 3-knot increase in stalling speed
over the clean-wing condition while in conmbination
the increase was 5 knots, With power on, flaps
down all -arrangoments of unfaired guns lncreased
.the stalling spoeds by about 3 krots (tosts 1, 2,
3, and 5),

2. A falriang arrangomoat consisting of tho
Gruuman falrlng on the projecting gun and the Jo, 1
fairing on the submerged gun (fig. 4 and test Ho.

" 7) effected an improvement over the unfaired-gun
condltion ir the folliowing respects:

() .The stalling speed in the carrier-
epproach condltion was reduced Dy 1 or 2 knots
a8 conparod with the urfaired-gun condition
and the landing-condition stalling spooed was
reduced to tac clean-wing valuoas,
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(b) Tho stalling charactoristics worec im-
provéed over tho clean-wing condition as indi-
cated by tho mildor roll at thoe stall and tho
incroased rosponsiveness of tho airplano to
alloron movomont or powor application at theo
stall, Conclusions regarding the controllabil-
ity in the astall as listed in table I are based
on tests in which, ilmmedliately after the stall,
allerons were applled against the roll or power
wag applied and the stick moved forward only
enough to prevent & sharp rlese of the nose,

3. Another gun-fairing arrangement consisting
of the Grumman falrling on tho proJecting gun and
tho fairod wing oponing for tho submerged gun (fig.
7?7 and tosts Nos, 14 and 15) gave results similar
to thoso listed uador paragraph (2), under restrict-
0d condltions; that 18, the eZfective functloning
of this arrangsment required that no alr flow be
pormitted through the falrings, (Comparo tosts
Hos. 11 azd 14.) If it is nocossary that air be ad-
mittod to cool the zuns during firing, then in or-
der to utllize thls arrangement 1n service, provi-
sion would have to be made for opening end closing
an ¢ir seal around tike gun 1in flignt,

4, YNone of the other arrangements listed in
table I wes conslidered satisfectory. It is of in-
terest to note, however, that at least one of the
other falrings for the submerged guns was effective
when tested alone with the projecting gun removeoed,
but was entliroly 1noffoctive in combination with a
fairing on the projocting gun (tosts Nos. 8 and 9),
Apparontly dotrimontal intorforonco effects result
from the close proximlty of the two guns to each
othor, especilally with powor oz,

In addition to the resclts tabulatod in tadble I, in-
formaetion was obtalned from tult studlos that is consid-
erod of intorest., The tuft obsorvations indicated that
oven in tho cloan-~wing coadition the inlitial breakdown
of flow occure in the vicinity of the gun locations, This
fact explains to somo extent why the gun-fairing desigr
was critical, Tho tufts showed too that, In gonoral, the
charactor of tho stall corresponded with the rate and ex-
tent of spanwise progress of the.fleow breakdown. A sharp
break and fast roll in the stall, for examplo, occurred




when tho flow breakdown spread rapldly to the wing tip as
~in the clean-wing condition; on the other hand, a mild
roll. resulted wvhen the flow progressed only to a station
somewhat inboard of the allerons as in the unfalred-gun
coniitions and es with the recommended falrings,

From the above, 1t is evident that the troubles ex-
perienced following the installation of unfalired guns on
the clean wing were due not to thelr harmful effects on
stalling characteristics but only to the increased stall-
ing speeds that they produced, The mlld rolls that fol-
lowed the early advent of tho stall would causo disturbing
momerts on the grouad walch, comblinoeld with the inherontly
unstable landing-gear arrangeaext, resulted in violent
ground loops,

Teats with tufts in the immedlate vicinity of the
fairings showed malnly that it was the falring for the
submorged gun thet suffered from interfersnce, while the
flow about the other falrirng appeared to be malntalned
satisfactorily. OCheck tests made witkh anl without the
tufts near the fairinge indicated the effects of the tufts
to be negligible,

Following firing tests conducted on the recommended
fairing arrangements by a squadron at Forfolk, 1t was re-
ported that a 1/8-inch-wiie annular space between gun or
blast tude and falring gave adequate gun coollng, No fir-
ing tegts wera conducted with openings sealed,

Drag Betimate

On the basis of full-scale wind-tunnel tests conduct-
ed on another airplane, 1t 1s estimated that there will
be no reduction in top spsesed. due to the projecting faliring
as comparod with the unfaired zuns, The use of the faired~
wing opening with tho flow sealod off would actually in-
creaso tho top spocd by about 3 miles per hour as comparod
with tho unfaired guns, '

Ground-Looping Tosts _

Previous tests on other alrplanss have shown that
frequently objectionadle grouni-looping tendencles are as-
soclated with an unsymmetrical, early stalling of the
wing in the ground run, 4s was stated earlier, it.was
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wlth the ldea of reduclng the ground angle of the airplane
‘below the decreased stalling angle of the unfalired-gun
arrangement that a pneumatic tall wheel was installed on
the alrplane,

This tell wheel reduced the ground angle by about.2°.
It 1s calculated that in the power-off condition the 1ift
rocovered by the recommended gun fairings corresponds to
an increase in stalling angle as compared with the unfalred-
gun conditlion of 3°., With the gun fairings on, therefore,
the ground angle could be increased by as much as 3° with-
out exceeding the stalling angle; hence, the pnesumatic
tall wheel no longer seemed necessary.

To verify thls conclusion, a series of landings was
made with the original hard-rubber taill wheel installed
and the gnns falred with the Grummaa and the No, 1 falring,
No ground-looping tondency was notoed in any of the land-
ings, From thosc landings 1t is evidont thet the acrody-~
namic sources of ground-looplng teadoucios wore oliminatod
by the gun failrings. It should bo notcd, rowovor, that
thls nodlficatlor 1n no way affectod the natural tondon-
clos of the alrp’ano to ground-locp; in fact, the landing-
goar arraingemeat of thils alrplane appoars less satisfac-
tory from thls standnoint tkhan do many othors,

GENERAL RE.UARKS

The problems assoclated with the installation of wing
guns ln the subject alrplane appear to be of o rather gen-
eral nature, For example, the difficulties that rocossl-
tatod the prosont lavestlgation were duc laorgely to the
introduction of discontinultios ir what 1s known to be the
most critlical portlon of tho wing chord, that 1s, the up-
por surface of the wing in the immediate vicinlty of the
loading odzo,

Oorroctlvo meoasuros that might logically bPo omployed
in future designs would be; (1) to lower the gun within
the wlng possibly by turning the gun on 1ts side so that
it would project below the stagnation: point, or (2) to
provide a falred opening with an alr seal that can be
openad and closed in flight if it 1s considered necessary
to admit cooling alr to the guns, From the standpoint of
simplicity of design and installation, the former alterna-



tive recommends 1ltself, For ready adaptatlion, however,
the installation should de incorporated in the original
design since structural limltations will generally prevent
relocaetion of the guns once the airplane has been con-
structed, as in the present instance,

The second altornative has the disadvantage that it
might require the added complication of a movadle alr
seal, This disadvantage would be compoensatod for, to a
considorable oxtent, howover, by tho roducod drag of this
installation as comparcd with tho filrost and by the protec-
tion from advorsc woather conditions that 1t affords tho

E0n e

Rognrdless of tho fairing installation cmployod, pro-
vision must be made for bare-sightlng the guns, This could
be accomplished most readily by first bore-sighting the
guns and then inctalling the fairings so thet the guns are
contercd in tho openings, Anothor problem that morits at-
tontion in conncction vith wing-gun installations is that
of minimizing tho slizo of loadling-odgoe oponing requirod
to covor difforcnt settlings of the gun, In this conanec-
tion, consideration mmlght loglcally be glven the possi-
bllity of changing the angle of the pun a%out the muszszle
instead of about the froant support, Whatever the means
employed, however, it appears desirable that some steps be
taken in thils direction,

COJICLUSIOXS

A a result of the flight investigation of wing-gun
falrings on a fighter type airplane, the following con-
clusions may be stated:

1, Tho iastallation of unfaired guns on the other-
wise clean wing resulted in a premature stall that in-
creased the stalling speed in the carrier-approach and
landing conditions of £fllgh?,

2¢ By suitadly fairing the guns i1t was possible to
reduce the stalling speeds to very nearly the values cor-
responding to the cloan wing and at the same timo elimi-
nate tho objoctionablo stalllng charactoristics assocli-
atod with the cloan-wing coadltlion,




L-27

3¢ Tor immedlate adoption on alrplanes now 1ln serv-
ice, a gun-fairing arrangement consisting of the Grumman
falring on the proJecting gun and a modifleation of this
fairing for the submerged gun recommends itself largely

bocauss of its slimplicity.

4, An alternative and equally effoctivo arrangement
consisting of the Grumman falring for the projecting gun
and a failred wing opening for tho submerged gun dopendod
for 1ts offectlvonoss on tho soaling off of cooling alr
around the gun, so that in scrvico means might havo to be
provided for openlng and closing an alr soal 1in Fllght,

5¢ In o sorloe of landilings nade with the original
hard-rubber tall whool installed and the guns fairod, no
ground-looping tondoncy was rnoted, The landing-gear
arrangement on this airplane, howsver, appears less satls-
factory from a ground-looping standpolnt than do many
others,

Langley Memorial Adsronauvtical Laboratory,
National Advicory Committee for Aoronauties,
Langley Field, Va,
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Figure 3a.- View of submerged gun in unfaired condition and projecting
gun with Grummean fairing. Rubber grommets installed around
edges of fairing end wing opening.

Figure 3b.- View of projecting gun in unfaired condition with submergeu
€un removed.
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Tigure 4.~ Views of No. 1 fairing on submerged gun and Grumman fairing on
rrojecting gun. Both fairings provide annular space about
1/8" wide around gun barrel or blast tube for cooling air.
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Figore 5.- Views of No. 2 {(wide) fairing on submerged gun and Grumman
fairing on projecting gun. Both fairings provide annular
space about 1/8" wide around gun barrel or blast tube for cooling air.
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Figure 6.- Views of No. 3 (narrow) feiring on submerged gun and Grumman
fairing on projecting gun. Both feirings provide annular

space about 1/8" wide around gun barrel or blast tube for cooling air.
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Figure 7.- Views of faired wing opening for submerged gun and Grumman
fairing on projecting gun. Both fairings provide annular
space about 1/8" wide around gun barrels for cooling air.
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that inorcased tho otalling opocd in tho carrior-approach and landing oacnditican of flight
By suitobly fairing tho guno, 1t was posoiblo to reduce tho atalling opoodn to valuoo
appreaching vory ncarly tho clcan-wing valuoo,
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ABSTRACT &

Description ie given of flight teete conducted on gun fairings, dssigned to correct ti
detrimental effecte of the projecting and submerged wing gune on an XMF-3 fighter. It we
found that the installation of unfaired guns on & clean wing resulted in a premature etal
that increassd the stalling spesd in the carriler-approach and landing comditicns of fligh
By suitadly fairing the guna, it was poseidle to reduce the stalling epeeds to values
approaching very nearly the clsan-wing values.
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